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Synthesis and Characterization of Silver Thione Complexes
Audrey V. Lawrence*
Department of Chemistry, Harding University, Box 12272, Searcy, AR 72149.
alawrence1@harding.edu

ABSTRACT
Coordination polymers are repeating units of a coordination complex that have applications as
catalysts, conductors, and magnets. In this work, silver (I) was the metal of choice because it behaves
similarly to copper (I), which has been studied much more extensively and thione ligands were chosen
due to their potential for forming coordination polymers. These coordination complexes with silver were
synthesized by combining silver nitrate with thioacetamide, N,N'-diphenylthiourea, and 2-mercapto-1methylimidazole. These complexes were characterized via IR spectroscopy, elemental analysis, and Xray crystallography. Silver thioacetamide was determined to form a coordination complex through the
sulfur to form a trigonal crystal lattice while silver methimazole was determined to form a coordination
polymer using sulfur as a bridging atom.
KEYWORDS Silver. Coordination complexes. Coordination polymers.
INTRODUCTION
Coordination compounds are the backbone of inorganic chemistry and have applications in
materials, synthetic, and engineering chemistry. Coordination polymers are of interest to study due to
their variable applications as catalysts, conductors, and magnets. These polymers form complex
networks that have enough room in them to allow the transition metal to act as a catalyst in a given
system without losing the metal ion to the system. Polymers also allow for the potential to maintain
magnetism permanently with some metals by maintaining the unpaired spins of the electrons.
Conductivity (which is a huge part of materials chemistry) can also be affected by the polymeric
structure of a coordinating species, where the identity of the ligand involved can boost or hinder
conductivity. However, not just any ligands can be used to build a coordination polymer. For
coordination polymers to form, multidentate or bridging ligands are needed to connect metal atoms and
the monomeric units of a polymer1.
Copper is a metal known to form coordination complexes and has been studied extensively due
to its conductive properties2-7. It’s an entertaining metal to work with due to its color shifts, however, it
is also difficult to achieve stable and consistent complexes due to its dual oxidation states. Copper
reaction environments must be strictly controlled to maintain homogenous and stable complexes. With
the behavioral similarities Cu (I) and Ag (I) have, silver is an ideal metal to try to synthesize
coordination polymers without having to deal with unintentional oxidation. Silver (I) only has one
oxidation state with an electron configuration of 5s0 4d10, which makes it a much more stable metal to
work with. It’s not UV active due to the lack of d-d electron transitions, however it is diamagnetic, so
silver complexes can be analyzed via NMR. This allows for an additional characterization tool that
copper lacks in its Cu (II) state. Silver has also been seen to form coordination polymers, however, it is
much less extensively studied8-11. Some of silver’s notable qualities are its antibacterial and anticancer
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properties. Silver has been known to efficiently kill bacteria12-14, and it has also been implicated to
successfully reduce tumor growth in some anticancer research8,15.
The identity of the source of silver in the reaction has drastic impact on the final structure and
whether or not it will form a coordination polymer. Differing metal to ligand ratios can be achieved in
complexes by using AgCl or AgNO316,17. AgCl tends to slip the Cl- ions into the crystal structure as
bridging points due to their smaller size which incorporates their electronic effects into the final
complex1,11,16,18. Using AgNO3 to supply the silver reduces the tendency to include the counterion in the
crystal structure19.
Both thioamides and thioureas have been found to form coordination polymers and complexes.
For many of these, the sulfur is the primary coordination site20-23 however some complexes will bind to
both the nitrogen and the sulfur19, or to both nitrogens24. The sulfur is also known to act as a bridging
atom, and combined with the multidentate qualities of the ligands, they work well for forming
coordination polymers. There are heterocyclic thiourea ligands (such as 2-thiobarbituric acid) that are
known to form stable coordination polymers with silver, so there is an open area of research10. Thus, all
the ligands selected for this research are thiourea or thioamide derivatives.
This work is focused on discovering how successful thiones are at forming silver coordination
complexes. With the three ligands that do not have proposed silver nitrate structures (thioacetamide,
thiocarbanilide, and methimazole), it is desired to generate these structures for analysis and quantify the
unique properties such as conductivity and antibacterial strength.
EXPERIMENTAL METHODS
General Information
AgNO3 was acquired commercially and was combined with selected ligands in a soluble solvent.
The ligands thioacetamide (I), 2-thiobarbituric acid (II), thiocarbanilide (N,N’-diphenylthiourea) (III),
thiosemicarbazide (IV), and methimazole (2-mercapto-1-methylimidizole ) (V) were used for this
research (Figure 1). The resulting solutions were dried to isolate silver complexes and the solids were
characterized via infrared spectroscopy, elemental analysis, and x-ray crystallography.

Figure 1: Ligands utilized in silver complex formation. I: thioactetamide. II: 2-thiobarbituric acid. III:
thiocarbanilide. IV: thiosemicarbazide. V: methimazole.
AgNO3 was combined with ligands I, III, and V in a 1:4 ratio by mass. 0.30 g of AgNO3 was
dissolved in 20 mL of the respective solvent and then 0.120 g of the ligand was added (scheme 1). The
reaction was stirred via magnetic stirring for 1 hour and then the stir bar was removed. For I, a black
precipitate formed and settled to the bottom of the flask. For crystallization, the supernatant solution
was transferred to a diffusion chamber with diethyl ether. The ether was then allowed to evaporate to
dry the crystals. In the case of V, crystals began to form when removed from heat, so the remaining
solution was removed via vacuum filtration to leave behind the dried crystals. III was prepared in the
same manner, however crystals did not form through evaporation. Recrystallization was unsuccessfully
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attempted with acetone and ACN and diffusion with diethyl ether produced an unknown white
precipitate. Dried silver thiocarbanilide was scraped off the bottom of the reaction flasks for analysis.
Silver barbituric acid is a coordination polymer that has been previously published and the
structure has been illustrated10. Silver thiosemicarbazide has also been published, and the IR data were
reported17. However, the previous syntheses of these complexes in the literature were vague and
difficult to understand, so synthesis in this work was done to match the ligands I, III, and V as a
comparison tool. 0.30 g of AgNO3 were dissolved in 20 mL of hot methanol, and then 0.120 g of II and
IV were added. 10 drops 0.1 M sodium hydroxide were added to II to aid in dissolution. The reactions
were stirred for 1 hour and the resulting precipitants were dried via vacuum filtration.

Scheme 1: reaction conditions for experimental complexes. a. thioacetamide, b. thiocarbanilide, and c.
methimazole.
Infrared Radiation Analysis
IR spectra of the ligands and complexes were acquired in the range 4000–550 cm−1 via the
tabletop iD5 Diamond ATR FTIR. IR peaks were compared to literature values of the I, III, IV, and V
ligands to identify the amine and thione peak locations.
Elemental Analysis
Solid samples were dried fully and massed into 6 mg aliquots. These were sent to Atlantic
Microlab Inc. for elemental analysis. Resultant percentages were used to calculate
metal:ligand:counterion ratios.
X-ray Crystallography
Crystalline samples of silver thioacetamide and silver methimazole were sent to Dr. McMillen at
Clemson University for X-ray crystallography. The X-ray intensity data were measured and the
structure was solved and refined using the Bruker SHELXTL Software Package.
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RESULTS AND DISCUSSION
Infrared Spectroscopy
When compared to the ligand, shifts were expected to occur at the nitrogen and sulfur peaks,
based on the IR data of the ligands25-27. The shifts and their locations would be indicative of where
coordination was occurring and potentially what type of coordination was occurring.

Figure 2: comparative IR spectra of a. thioacetamide and b. silver thioacetamide in cm-1
For the thioacetamide, few changes are seen overall (figure 2), however shifts were seen in the
amine region, as well as the thione region when coordinated with the silver. The amine peaks were
identified to be 3069 cm-1 and 3290 cm-1, which was compared with literature values of 3165 cm-1 and
3290 cm-1 26. These peaks shifted up to 3160 cm-1 and 3293 cm-1 respectively when coordination with
the silver occurred (table 1). The higher shift seen in the amine region is attributed to a shortening of the
N-H bond, which is likely occurring because of the hydrogen bonding happening between the ligand
and the nitrate counterion. The thione peak is seen to decrease in wavenumber, shifting from 718 cm-1 to
702 cm-1. The decrease in wavenumber is attributed to a lengthening of the C=S bond and is indicative
of coordination through the sulfur.
This trend is also seen in the thiocarbanilide ligand, where the amine peaks of 3035 cm-1 and
3202 cm-1 shift to 3040 cm-1 and 3211 cm-1. This could again be due to hydrogen bonding to the N-H
group on the thiocarbanilide, but the amines on this ligand are secondary instead of primary. There is
not a crystal structure to check with yet to conform. The thione region shifts from 700 cm-1 to 690 cm-1,
which is once again a good indicator that the complex is coordinating through the sulfur. These trends
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match the increases and decreases seen in the amine and thione region of the IR of the silver
thiosemicarbazide data17.
The methimazole complex is more difficult to determine where coordination is occurring
through just the IR, due to the aromaticity of the heterocyclic ring, and the final bonding state of the
sulfur. The resonance of the methimazole can elongate the double C=S bond into a single C-S bond.
Additionally, the final structure of the silver methimazole has a sulfur coordinating to two silver atoms,
which changes its bond length to 1.72 Å. As such, there is no peak on the experimental spectrum that
reflects a known C-S or C=S peak24, and other data are relied on to determine the coordination of the
complex.

Table 1: Significant IR shifts seen in the amine and thione regions. All values in cm -1.
Thiosemicarbazide data from the literature17.
Elemental Analysis
Elemental analysis data came back as percentages and are shown in table 2. The values were
mathematically analyzed to determine the ratio of silver to ligand to nitrate counterion based on the
mass of each element detected. These ratio data are shown in table 3, and are compared to the known
ratios of thiobarbituric acid and thiosemicarbazide10,17.

Table 2: average percent composition data from elemental analysis (n=2). All values in percent mass
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Table 3: calculated ratios of silver to ligand to nitrate counterion for newly synthesized complexes
The thioacetamide and thiocarbanilide were both found to have the same ratio of 1:3:1. These
ratios are different from the comperable silver thiosemicarbazide complex, which had a ratio of 2:3:217
With elemental analysis being the most advanced form of analysis for thiocarbanilide, it could be
assumed that thiocarbanilide adopts a similar structure to thioacetamide, however more data would be
needed to back this claim. This hypothesis is supported by the IR data, where the thiocarbanilide is seen
to coordinate through the sulfur.
Methimazole adopts a 1:2:1 ratio which is different from the heterocyclic comparable molecule
(thiobarbituric acid with 1:1:1)10, but it is comparable to a copper methimazole complex (figure 3),
indicating likelihood that it could be a coordination polymer5.

Figure 3: copper methimazole coordination polymer with 1:2:1 copper:methimazole:nitrate ratio5

X-Ray Crystallography
X-ray diffraction data were collected for the silver thioacetamide and silver methimazole
crystals. With the thioacetamide, it was found to be a coordination complex where one silver atom is
coordinating with three thioacetamide molecules through the sulfur (figure 4).
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Figure 4: crystal structure diagram of silver thioacetamide
The complexes form a sheet that is held together via hydrogen bonding of the amines to the
nitrate counterions (figure 5). The complex sheets stack vertically with the silver ions directly above
each other to form a trigonal crystal structure (figure 6). Selected bond distances and angles are included
in table 4.

Figure 5: trigonal planar arrangement of
thioacetamide ligands around silver, stabilized by nitrate.
n

Figure 6: vertical arrangement of
thioacetamide ligands showing silversilver bond.
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Table 4: selected bond lengths (Å) and angles (˚) of silver thioacetamide
The silver thioacetamide complex has some distortion from the trigonal planar geometry, as seen
in the torsional angles of table 4. This distortion has been attributed to the relativistic effects of the
silver atom and shown in the Gaussian calculations for the optimized geometry of the complex (figure
7). The optimized geometry shows some twisting of the ligands from a planar arrangement, however the
optimized geometry aligns with the trigonal planar arrangement seen in the X-ray crystallography data.
It is worth noting that the optimized calculations were performed assuming a gaseous state while all
other data were collected in a solid state. These calculations were performed with the RB3LYP method
under the basis set LANL2DZ.

Figure 7: Optimized geometry of silver thioacetamide, calculated with Gaussian
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X-ray crystallography revealed that the silver methimazole complex is a coordination polymer.
The repeating unit is one silver coordinating to two methimazole ligands and the nitrate acts as a
stabilizer between polymer chains (figure 8).

Figure 8: structural arrangement of silver methimazole polymer
The polymer chains are at odd angles with each other and end up forming a monoclinic crystal
structure (Figure 9). In this polymer, the sulfur-silver bond length ends up being longer than in the silver
thioacetamide, due to its role as a bridging ligand. The sulfur-silver-sulfur bond angles also have a wider
range due to the changing orientation of the methimazole ligands, which are large and place some steric
strain on the system. These values are reflected in table 5.

Figure 9: structural arrangement of polymeric chains within a silver methimazole cell from a. the top
of the cell and b. the side of the cell.
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Table 5: selected bond lengths (Å) and angles (˚) of silver thioacetamide and silver methimazole.

CONCLUSION
With these data, it can be concluded that synthesis with silver nitrate and thioacetamide can
result in a coordination complex by binding with the sulfur. Thiocarbanilide is thought to coordinate in a
similar manner based on the elemental analysis and IR shifts. Synthesis of silver nitrate with
methimazole can result in a coordination polymer, using the sulfur as a bridging point.
Future work in this project would center around testing the antibacterial and conductive potential
most notably of the silver methimazole polymer, but also of the silver thioacetamide complex. Given
data in these areas, it would aid in the applications of the polymer. It could potentially be applied in
biomedical engineering to layer on materials and combat bacterial growth, or used in electronics that
need to be kept biologically clean. Given the antibacterial properties of silver that would be maintained
in a coordination polymer, the applications to biomaterials and bioelectronics would be of interest to
pursue.
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